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APPARATUS FOR TREATING ALLOGRAFT 
PRODUCTS 

REFERENCE TO PENDING PRIOR PATENT 
APPLICATION 

This patent application is a continuation-in-part of pending 
prior US. patent application Ser. No. 12/034,150, ?led Feb. 
20, 2008 by Chad J. Ronholdt, et al., for APPARATUS AND 
METHODS FOR TREATING ALLOGRAFT PRODUCTS, 
Which in turn is a divisional of pending prior patent applica 
tion Ser. No. 11/557,393, ?led Nov. 7, 2006 by Chad J. 
Ronholdt, et al, for APPARATUS AND METHODS FOR 
TREATING ALLOGRAFT PRODUCTS, Which in turn 
claims the bene?t under 35 U.S.C. 119 (e) of US. Provisional 
Patent Application No. 60/757,914, ?led Jan. 10, 2006, by 
Chad J. Ronholdt for APPARATUS AND METHODS FOR 
TREATING ALLOGRAFT PRODUCTS. The above-identi 
?ed patent applications are hereby incorporated herein by 
reference. 

BACKGROUND 

The use of musculoskeletal allograft tissue in reconstruc 
tive orthopedic procedures and other medical procedures has 
markedly increased over the last decade. Over the past 
decade, more than ?ve million musculoskeletal allografts 
have been safely transplanted. The most common allograft is 
bone. HoWever, tendons, skin, heart valves and corneas are 
other common types of tissue allografts. 

Prior to use, the allograft tissue must be treated With vari 
ous agents in order to substantially eliminate microbial con 
tamination as Well as clean the tissue of residual blood con 
stituents, bone marroW, residual connective tissue and gross 
musculature. A variety of cleaning processes have been 
developed in order to remove contaminants from the allo graft 
and to inactivate microbial contaminants remaining on the 
allografts. HoWever, these cleaning and inactivation methods 
are laborious and tedious, and often do not provide a high 
level of assurance that the allografts have been suf?ciently 
cleaned (e.g., loW or inconsistent log reductions in microbial 
contamination). In particular, many existing allograft clean 
ing processes require considerable manipulation of the 
allografts betWeen steps, thus increasing the possibility of 
environmental cross-contamination. Existing processes also 
tend to be hard to regulate and control, and their e?icacy can 
be technician dependent. Existing processes also tend to have 
a shielding or layering effect that can greatly reduce ultra 
sonic energy penetration and thus not clean as effectively. 
Furthermore, the shielding effect Will also impede the libera 
tion of contaminant microorganisms off of the tissues and into 
solution Where they are more readily eradicated. 

FolloWing treatment, allograft products must be tested for 
bacterial contamination prior to release of the tissue for trans 
plantation. Existing methods of assessing microbial contami 
nation, hoWever, suffer form the same limitations described 
above (eg considerable manipulation betWeen steps, possi 
bility for environmental cross-contamination, hard to regu 
late and control, technician dependent, etc.). 

In the past, ultrasound has been utiliZed to reduce and/or 
eliminate microbial contamination of allograft products. 
Ultrasound is microbiostatic to most microbes, and is used 
primarily to reduce microbial loads from inanimate objects 
With speci?c bactericidal activity on gram-negative bacteria. 

With the increased use of allograft products, there is a need 
to provide improved methods and apparatus for treating 
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2 
allografts in order to help provide the cleanest and safest 
allografts as Well as con?rm that the allografts are free from 
bacterial contamination. 

SUMMARY OF THE INVENTION 

The present invention provides an apparatus for treating 
allografts, comprising a sonication tank con?gured to trans 
mit ultrasonic energy to the interior of the tank, a treatment 
canister rotatably positioned in the sonication tank, and con 
?gured to receive allografts therein, and a treatment ?uid 
source in ?uid communication With the treatment canister. In 
one embodiment, the treatment canister may be foraminous 
such that ?uid Within the sonication tank Will pass into the 
treatment canister. Alternatively, the sonication tank may 
contain a sonication ?uid and the treatment canister is sealed 
With respect to the sonication tank such that the sonication 
?uid cannot enter the interior of the treatment canister. A 
plurality of treatment ?uid sources may be provided in selec 
tive ?uid communication With the interior of the cleaning 
canister, and a ?uid control system adapted for exchanging 
treatment ?uid in the treatment canister Without removing the 
allografts from the treatment canister may also be included. 

In one embodiment, the apparatus may include at least ?rst 
and second treatment ?uid sources, With the control system 
adapted for delivering the ?rst treatment ?uid to the treatment 
canister and for replacing the ?rst treatment ?uid in the treat 
ment canister With the second treatment ?uid. A treatment 
?uid outlet in ?uid communication With the treatment canis 
ter may also be included, along With a ?lter in selective ?uid 
communication With the treatment ?uid outlet. The interior of 
the treatment canister may also have a non-circular cross 
sectional shape in a plane orthogonal to the rotational axis. 
A method of treating allografts is also provided, and 

includes the steps of: providing an ultrasonic treatment appa 
ratus, the treatment apparatus including a sonication tank, a 
treatment canister rotatably mountable in the sonication tank, 
and at least one ultrasonic transducer con?gured to transmit 
ultrasonic energy to the interior of the tank and the treatment 
canister; placing one or more allografts inside the treatment 
canister; and exposing the allografts to at least one treatment 
?uid in the treatment canister While applying ultrasonic 
energy to the allografts and rotating the treatment canister in 
the sonication tank. In one embodiment, ultrasonic energy is 
applied to the allografts at a frequency betWeen about 40 kHZ 
and about 170 kHZ With a poWer output of betWeen about 100 
Watts/ gallon and about 550 Watts/ gallon. In another embodi 
ment, ultrasonic energy is applied to the allografts at a fre 
quency betWeen about 72 kHZ and about 104 kHZ With a 
poWer output of betWeen about 100 Watts/ gallon and about 
300 Watts/ gallon. In one embodiment, the allografts are soni 
cated at a temperature of betWeen about 20.degree. C. and 
about 50.degree. C. (i.e., the temperature of the sonication 
?uid). Alternatively, the allo grafts are sonicated at a tempera 
ture of betWeen about 45.degree. C. and about 50.degree. C. 
The step of exposing the allografts to at least one treatment 

?uid may comprise providing a treatment ?uid Within the 
treatment canister, and further comprise the step of exchang 
ing at least a portion of the treatment ?uid in the treatment 
canister Without removing the allografts from the treatment 
canister. The allografts may be exposed to ?rst and second 
treatment ?uids, Wherein the ?rst treatment ?uid is initially 
provided in the treatment canister and is thereafter exchanged 
for the second treatment ?uid in the treatment canister. In one 
embodiment, the ?rst and second treatment ?uids are chosen 
from the group consisting of: detergents, enZyme solutions, 
antibiotic solutions, oxidiZing agents, alcohols, sterile Water, 
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and mixtures of the foregoing. The treatment method may 
also include the steps of: providing an extraction ?uid in the 
treatment canister; applying ultrasonic energy to the 
allografts While rotating the treatment canister; and analyZing 
the extraction ?uid for microbial contamination. 

In an embodiment, there is provided a system for delivering 
sterile ?uids aseptically to a sealed canister, the system com 
prising a canister having an inlet, a vent, and a drain outlet, a 
reagent manifold in sealed ?uid communication With the inlet 
of the canister, Wherein the reagent manifold selectively pro 
vides a selected one of a plurality of reagents to the canister; 
a bubbler in sealed ?uid communication With the vent of the 
canister, Wherein the bubbler alloWs excess gasses to leave the 
canister; and a ?uid communicator from the drain outlet to a 
drain, Wherein the drain outlet selectively purges the selected 
one of the plurality of reagents from the canister. 

In another embodiment, there is provided a method of 
delivering sterile ?uids aseptically to a sealed canister, the 
method comprising providing a canister having an inlet, a 
vent, and a drain outlet; selectively providing a selected one 
of a plurality of reagents to the canister from a reagent mani 
fold in sealed ?uid communication With the inlet of the can 
ister; alloWing excess gasses to leave the canister With a 
bubbler in sealed ?uid communication With the vent of the 
canister; and selectively purging the selected one of the plu 
rality of reagents from the canister through the drain outlet 
into a ?uid communicator to a drain. 

Other embodiments are also disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Illustrative embodiments of the invention are illustrated in 
the draWings, in Which: 

FIG. 1 is a schematic illustration of a treatment system 
according to one embodiment of the present invention; 

FIG. 2 is a schematic illustration of a treatment system 
according to another embodiment of the present invention; 

FIG. 3 is a schematic illustration of a treatment canister 
according to one embodiment of the present invention; 

FIG. 4 is a schematic illustration of a treatment canister 
according to another embodiment of the present invention; 

FIG. 5 is a schematic illustration of a treatment system 
according to another embodiment of the present invention; 

FIG. 6 is a schematic illustration of a treatment system 
according to yet another embodiment of the present inven 
tion; 

FIG. 7 is a schematic illustration of a treatment system 
according to one embodiment of the present invention; 

FIG. 8 illustrates a portion of a system for delivering sterile 
?uids aseptically to a sealed canister; 

FIG. 9 illustrates another portion of the system for deliv 
ering sterile ?uids aseptically to a sealed canister shoWn in 
FIG. 8; 

FIG. 10 illustrates a bubbler component of the system for 
delivering sterile ?uids aseptically to a sealed canister shoWn 
in FIGS. 8 and 9; 

FIG. 11 is a schematic illustration of one of the canisters of 
the system for delivering sterile ?uids aseptically to a sealed 
canister shoWn in FIGS. 8 and 9; and 

FIGS. 12A-12D illustrate various vieWs of one of the can 
isters of the system for delivering sterile ?uids aseptically to 
a sealed canister shoWn in FIGS. 8 and 9. 

The embodiments set forth in the draWing are illustrative in 
nature and are not intended to be limiting of the invention 
de?ned by the claims. Moreover, individual features of the 
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4 
draWings and the invention Will be more fully apparent and 
understood in vieW of the detailed description. 

DETAILED DESCRIPTION 

The present invention provides apparatus and methods for 
treating allografts. As used herein, the terms “treating” and 
“treatment” are intended to encompass both the cleaning of 
allografts and the inactivation of microbial contaminants 
present on allografts (including inactivation of microbial con 
taminants after such contaminants have been cleaned from 
the allografts). The apparatus and methods of the present 
invention also facilitate determining microbial contamination 
of allograft products folloWing treatment. 
The apparatus and methods of the present invention pro 

vide treatment of allografts Wherein the allografts are soni 
cated in a treatment canister While the allografts are rotating. 
Applicants have discovered that by rotating the allografts 
Within the ultrasonic ?eld, treatment is signi?cantly 
improved. While not being limited to a theory, applicants 
believe that rotation prevents shielding of the ultrasonic 
energy since the allografts Will not remain stacked on top of 
each other, thereby helping to ensure that all of the allografts 
receive maximum exposure to the ultrasonic energy and 
facilitates chemical reagent penetration. 

During sonication and rotation, the allografts may be 
immersed in a variety of treatment solutions. In some 
embodiments, the treatment process involves sonication of 
the allografts in a plurality of various treatment ?uids in a 
step-Wise fashion. In addition, some embodiments of the 
present invention alloW for various types of treatment ?uids to 
be supplied to, and thereafter removed from, the treatment 
canister Without opening the treatment canister. In this fash 
ion, the allografts are not exposed to the environment or any 
technician manipulation during the treatment process, 
thereby reducing the possibility of cross-contamination. The 
treatment process may even be automated (or semi-auto 
mated), thereby providing greater control over the process 
and more consistent results Which are less technician depen 
dent. 

FIG. 1 is a schematic illustration of one exemplary embodi 
ment of a treatment apparatus according to the present inven 
tion. In particular, ultrasonic treatment apparatus 20 com 
prises a sonication tank 21 and a treatment canister 40 
rotatably mounted in sonication tank 21. In the embodiment 
shoWn in FIG. 1, treatment canister 40 is sealed With respect 
to the interior of sonication tank 21 and is con?gured to 
receive one or more allografts therein. As further described 
herein, hoWever, treatment canister 40 may be foraminous 
such that ?uid Within sonication tank 21 Will pass into the 
interior of treatment canister 40. 

In the embodiment of FIG. 1 Wherein treatment canister 40 
is sealed With respect to the interior of sonication tank 21, a 
sonication ?uid 22 is provided Within sonication tank 21. In 
the embodiment shoWn, a su?icient amount of sonication 
?uid 22 is provided such that treatment canister 40 is com 
pletely or at least half Way submerged. One or more ultrasonic 
transducers 30 are also provided, and may be located, for 
example, in the interior of the Walls of sonication tank 21. 
Ultrasonic transducers 30 are con?gured to transmit ultra 
sonic energy into the interior of sonication tank 21, particu 
larly into sonication ?uid 22. Such ultrasonic energy Will then 
be transmitted through the Wall of treatment canister 40 such 
that allografts contained Within treatment canister 40 Will be 
subjected to the ultrasonic energy. 

In one exemplary embodiment, the sonication tank con?g 
ured to contain about 20 gallons of sonication ?uid for the 
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treatment of allograft tissues. In another exemplary embodi 
ment, the sonication tank has a minimum volume of about 16 
gallons and a maximum volume of about 26 gallons. 

In one exemplary embodiment, the sonication tank has a 
height ranging from about 33 to 49 inches to the top of the 
tank and about 37 to 53 inches to the top of the cradle. In an 
alternative exemplary embodiment, the height of the sonica 
tion tank is about 33 inches to the top of the tank and about 37 
inches to the top of the cradle. 

In one exemplary embodiment, the rotary cleaning system 
can be used for the treatment on a variety of different types of 
products. One exemplary embodiment is the treatment of 
human cadaver allograft tissue. 
Human cadaver allograft tissue includes, but not limited to 

musculoskeletal, skin, osteoarticular and/or cardiovascular 
tissues. 

In another exemplary embodiment, the rotary cleaning sys 
tem can be used to treat tissue engineered scaffolds, and 
polymeric or ceramic medical device implants. 

Sonication ?uid 22 may comprise any of a variety of com 
positions, such as Water (an excellent medium for transmit 
ting ultrasonic energy). Of course any of a variety of other 
?uids may be used, such as phosphate buffered saline or even 
a glycerol-based solution in order to help maintain the tem 
perature of the sonication ?uid. In addition, the sonication 
?uid may contain other ?uids to alter the transfer of ultrasonic 
energy by increasing or decreasing depending on the appli 
cation. The treatment canister may be made from any of a 
variety of materials, including metal (particularly stainless 
steel), glass, polymeric materials (e.g., DELRIN® acetyl 
resin, PTFE, etc.). 

Sonication tank 21 may include one or more heaters for 
maintaining the temperature of sonication ?uid 22. For 
example, the temperature of sonication ?uid 22 may be main 
tained at a temperature of betWeen about 20.degree. C. and 
about 70.degree. C., or betWeen about 45.degree. C. and 
about 50.degree. C. It has been discovered that elevated tem 
peratures facilitate the removal of protein and lipid constitu 
ents by increasing the solubility of such contaminants. 
Elevated temperatures also greatly improve the log reductive 
capabilities of oxidiZing and antimicrobial agents. In one 
exemplary embodiment for the treatment of allo graft tissues, 
the sonication ?uid is maintained betWeen about 45.degree. 
C. to about 50.degree. C. 

Sonication tank 21, and in particular ultrasonic transducers 
30, may be con?gured to apply constant and/or pulsed ultra 
sonic energy Within sonication ?uid 22 Which in turn is trans 
mitted into the interior of treatment canister 40. For the appli 
cation of pulsed ultrasonic energy, the frequency and/or 
poWer of the ultrasonic energy may be varied during the 
treatment of allografts. For example, in one embodiment, 
sonication tank 21 is con?gured to apply ultrasonic energy at 
a frequency of betWeen about 40 kHZ and about 170 kHZ. In 
another embodiment, the frequency of applied energy may be 
betWeen about 72 and about 104 kHZ, as such frequencies 
provide further improved cleaning of the protein and lipid 
constituents and liberation of viable microorganisms. In one 
embodiment, the poWer output may be betWeen about 100 
Watts/ gallon and about 550 Watts/ gallon. In another embodi 
ment, poWer output is betWeen about 100 and about 300 
Watts/gallon. Intensities in excess of 550 W/Gallon do pro 
vide additional microbial reductions, since such poWer levels 
result in the killing of more microbes. In one exemplary 
embodiment, the ultrasonic energy is supplied by 3 to 4 gen 
erators With a combined poWer betWeen 2000 and 2250 W. In 
another exemplary embodiment for treatment of allograft 
products, the frequency of the applied energy is 104 kHZ. As 
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6 
one skilled in the art Will appreciate, the frequency can be 
modi?ed corresponding to the treatment of other more sensi 
tive or robust products. In one exemplary embodiment, the 
poWer output is delivered to allograft tissues at about 100 
Watts/ gallon. In another exemplary embodiment, the genera 
tors are located (e.g. under the sonication tank) such as to 
minimiZe exposure to any ?uid leaks. Another embodiment 
could be that all electrical and poWer components may be 
located adjacent to or in another area to further reduce the 
footprint of the system facilitate servicing and maintenance 
procedures and to minimiZe any electrical haZards. 

Sonication tank 21, in particular ultrasonic transducers 30 
and any heater(s) associated With the tank, may also be in 
electrical communication With a control system for the ultra 
sonic treatment apparatus (e.g., controller 80) in order to 
control the application of ultrasonic energy and the tempera 
ture of the sonication ?uid during the treatment process. In 
one exemplary embodiment, an intensity measuring device is 
Wired externally or internally to the sonication tank. 

A treatment ?uid is also provided in the interior of treat 
ment canister 40 in order to facilitate the application ofultra 
sonic energy to the allografts and optionally to perform other 
functions such as microbial reduction and cleaning (e.g., by 
killing or inactivating microbes). Ultrasonic energy from 
transducers 30 is transmitted through sonication ?uid 22, 
through the Wall of treatment canister 40, and thereafter 
through the treatment ?uid contained Within treatment canis 
ter 40. In this manner, the ultrasonic energy is applied to the 
allografts so as to liberate microorganisms as Well as residual 
proteins, lipids and tissue particles from the allografts. Once 
the microorganisms are liberated from their protective areas 
in the allo grafts the chemical agents in the treatment ?uid can 
more readily kill or inactivate the microbes out in the open. 
The application of ultrasonic energy With rotation facilitates 
the liberation of microbes from the crevices of the tissue, and 
thereafter the liberated microbes are exposed to the treatment 
?uids and higher temperatures so as to provide increased 
inactivation of the microbes. Depending on frequency and 
poWer output, the ultrasonic energy may also inactivate 
microorganisms liberated from, or remaining present on the 
allografts. 

While the treatment ?uid may comprise sterile Water, 
applicants have also discovered that the use of various other 
treatment ?uids Will facilitate allograft cleaning and/ or inac 
tivation of microbial contaminants, as further described 
herein. Applicants have also discovered that the use of tWo or 
more different treatment ?uids, particularly in a step-Wise 
fashion, Will further facilitate allograft treatment. 
Any of a variety of treatment solutions may be used in the 

apparatus and methods of the present invention, including 
sterile Water. Other suitable treatment solutions include deter 
gent solutions, antimicrobial solutions, strong bases, oxidiZ 
ing agents, alcohols, and mixtures of the foregoing, including 
mixtures of one or more of the foregoing With sterile Water. 
The order of treatment solutions may effect the cleaning and 
microbial inactivation. Detergent, enZymatic agents and anti 
microbial detergents etc. may be used ?rst to eliminate blood, 
bone marroW and other organic matter. This eliminates strong 
reactions With oxidiZing agents (eg hydrogen peroxide) that 
can create pressure Within the sealed canisters and a potential 
haZard to the technicians. Typically, alcohol is used in the 
?nal step as a ?nal microbial inactivation and drying agent. 
Sterile Water can be used in betWeen steps to further facilitate 
the removal of Waste products and rinse the tissues of any 
residual chemical reagents that may impede ?nal microbial 
testing. 
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Suitable detergent solutions include lipases, proteolytic 
enzymes, lysozymes, and xyloansases. Antimicrobial deter 
gents such as one or more polymyxins (e.g., Polymyxin B 
may also be used). Detergents Will liberate blood, bone mar 
roW, microbes and other contaminants from the allografts. 
Some detergents, particularly antimicrobial detergents, also 
provide antimicrobial properties (i.e., kill or inactivate 
microbes). 

Suitable antimicrobial agents include sulfonamides, ?uo 
roquinolones (e.g. Cipro?oxacin, Nor?oxacin), penicillins, 
cephalosporins (e.g. Cefoxitin), tetracyclines (e.g. oxytetra 
cyclines), aminoglycosides (e.g. streptomycin, gentamycin, 
neomycin), macrolide antibiotics (e.g. erythromycin, clinda 
mycin), glycopeptide antibiotics (e.g. vancomycin, teicopla 
nin), lantibiotics (e.g. nisin), Bacitracin and Polymyxin. Such 
microbial solutions may be used to kill or inactivate any 
bacteria present on the allografts or dislodged therefrom by 
the ultrasonic energy and/or detergents. 

Suitable oxidizing agents include hydrogen peroxide, 
ozone, pericidic acid, TAEDs (N,N,N'N'-Tetra Acetyl Ethyl 
ene Diamine), sodium percarbonate, sodium perborate, 
sodium polyacrylate, chloride and chlorinated compounds 
(e.g., chlorine dioxide, sodium hypochlorite, calcium 
hypochlorite), and potassium permanganate. The oxidizing 
agents are very effective at killing or inactivating microbes 
liberated from or present on the allografts. They also play an 
important role in the “Whitening” or bleaching of the 
allografts. 

Alcohols used in treatment solutions may include isopro 
pyl alcohol and ethanol alcohol. Alcohols not only act as 
microbial reduction agents, they may also be used as dehy 
drating agents to remove moisture from the allografts (re 
duces the probability of microbial survival on allografts dur 
ing storage). Strong bases, particularly strong inorganic bases 
such as NaOH, may also be used for microbial destruction. 
Strong bases also provide anti-prion capabilities. 
As further discussed herein, the treatment solutions may be 

supplied to treatment canister 40 in a step-Wise fashion While 
ultrasonic energy is applied to the treatment canister. Alter 
nately, the treatment canister may be removed from the soni 
cation tank in order to exchange the treatment solution. 

Treatment canister 40 in FIG. 1 is depicted as having a 
cylindrical shape. HoWever, this shape is merely exemplary, 
as a variety of other shapes for treatment canister 40 may be 
utilized (as further discussed herein). Treatment canister 40 is 
also rotatably mounted Within sonication tank 21, such that 
treatment canister 40 can be rotated While ultrasonic energy is 
applied to the allografts contained therein. 

In one exemplary embodiment, the treatment canister com 
prises a canister. The canister may be fabricated out of mate 
rials commonly knoWn to those skilled in the art. In another 
exemplary embodiment, the canister comprises a stainless 
steel construction. The stainless steel construction is bene? 
cial for ease of sanitization and sterilization While alloWing 
maximum ultrasonic energy transfer. As one skilled in the art 
Will appreciate, the denser the material of construction, the 
more ultrasonic energy that is absorbed by the canister and 
not transferred to the products to be treated. Other exemplary 
materials of construction include polymers, glass and other 
metals. 

In one exemplary embodiment, the canister is con?gured in 
a cylindrical shape and comprises a baf?e system to ensure or 
maximize constant tissue tumbling action. In an alternative 
embodiment, the canister is con?gured in various polygonal 
shapes. It is believed that the polygonal shapes may obviate 
the need for an internal baf?e system. 
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In another exemplary embodiment, the canister further 

comprises an internal basket. The internal basket is con?g 
ured to facilitate the aseptic loading and removal of product 
from the canister While minimizing ultrasonic energy absorp 
tion. In one embodiment, the internal basket is con?gured to 
facilitate the ability of ?uid delivery to the canister such that 
the basket rotates While the outer canister stays stationary and 
can be ?lled With fresh ?uid While the expired ?uid is 
exhausted. In one exemplary embodiment, the canister ranges 
from about 2-8 inches in diameter and from about 4-1 8 inches 
in length. In an exemplary embodiment for treating machine 
grafts, the canister is about 3 inches in diameter and about 4.5 
inches in length. In another exemplary embodiment for treat 
ing cut tissue, the canister is about 6 inches in diameter and 
about 13 inches in length. In yet another exemplary embodi 
ment for treating soft tissue, the canister is about ?ve inches 
in diameter and about 6.5 inches in length. 

Applicants have found that the combination of sonication 
With rotation of treatment canister 40 provides improved 
allograft cleaning and microbial inactivation. Rotation of 
treatment canister 40 during sonication Will not only increase 
the movement of treatment ?uid Within canister 40, but Will 
also cause rotation and tumbling of the allografts. The 
increased ?uid movement also results in enhanced removal of 
contaminants from the allografts, While the tumbling of the 
allografts Will not only cause more contaminants to be liber 
ated from the allo grafts but Will also expose more surface area 
of the allografts to the ultrasonic energy. Without rotation of 
the treatment canister, particularly When multiple allografts 
are positioned therein, Applicants believe that some of the 
allografts (or portions thereof) are shielded from the ultra 
sonic energy by other allografts. Applicants believe that rota 
tion of treatment canister 40 signi?cantly reduces (or elimi 
nates) this shielding effect and ensures that the entire surface 
of each of the allografts is exposed to the ultrasonic energy. As 
further described herein, these effects may also be enhanced 
by causing treatment ?uid to ?oW through or Within treatment 
canister 40 during sonication. 
By Way of example, allografts to be treated are placed 

Within treatment canister 40. Thereafter, a treatment ?uid is 
supplied to treatment canister 40, such as by pouring a treat 
ment ?uid into treatment canister 40, and the canister is then 
sealed. The ?lled treatment canister 40 is then mounted 
Within sonication tank 21 and ultrasonic energy applied to the 
interior of sonication tank 21 While treatment canister 40 is 
rotated. Ultrasonic energy is applied in treatment apparatus 
20 for a period of time, and at frequency and poWer suf?cient 
to dislodge contaminants (e.g., microorganisms, residual pro 
teins, residual lipids, residual tissue particles, etc.) from the 
allograft and/ or to inactivate microbial contaminants present 
on or liberated from the allografts. 

In one exemplary embodiment, the volume of treatment 
?uid added to the canister is dependent upon the mass of the 
tissue that is being treated. In one particular exemplary 
embodiment, the volume of the treatment ?uid is in a ratio of 
1:2 of solution (ml) to tissue (g). In an alternative exemplary 
embodiment, the volume of the treatment ?uid is in a ratio of 
1:5 of solution (ml) to tissue (g). In yet another exemplary 
embodiment, the volume of the treatment ?uid is in a ratio of 
1:3 of solution (ml) to tissue (g). In one exemplary con?gu 
ration, the volume of treatment ?uid ranges from about 200 
ml to about 3200 ml and the mass of tissue treated ranges from 
400 g to about 6400 g per canister. 

If a treatment protocol utilizing a plurality of different 
treatment ?uids is to be folloWed, treatment canister 40 may 
be removed from sonication tank 21, and the ?rst treatment 
?uid drained from canister 40. Thereafter, the second treat 



US 7,776,291 B2 

ment ?uid may be supplied to treatment canister 40 (e.g., by 
pouring the treatment ?uid into the canister) and thereafter 
the canister is sealed and inserted back into sonication tank 
21. Ultrasonic energy may thereafter be applied to treatment 
canister 40 in the same manner as described previously. This 
process may be repeated using any number and variety of 
treatment ?uids, according to the predetermined protocol. If 
desired, after a treatment ?uid is drained from treatment 
canister 40, sterile Water (or other ?uid) may be added to 
treatment canister 40 for purposed of rinsing or ?ushing the 
allografts in order to remove any additional contaminants 
liberated from the allografts and any remaining treatment 
solution. The sterile Water Wash may then be discarded and 
the next treatment solution added to treatment canister 40 and 
the canister then placed back into sonication tank 21. 

It should also be pointed out that it may be desirable to 
simply replace a particular treatment ?uid in canister 40 With 
fresh treatment ?uid of the same composition. For example, 
some of the reagents used in the treatment ?uid may lose 
strength or otherWise become less effective over time (e.g., 
hydrogen peroxide). In addition, Waste products may accu 
mulate in the treatment ?uid (e. g., residual tissue particulates, 
blood, proteins, lipids, killed or inactivated microbes liber 
ated from the allografts, etc.). Therefore, a particular treat 
ment ?uid may be drained from canister 40 in the manner 
described above and thereafter replaced With more of the 
same treatment ?uid composition. This Will not only replen 
ish the particular treatment ?uid in order to maintain the 
maximum reactivity betWeen the treatment ?uid reagents and 
the allografts, but Will also move Waste products (e.g., blood, 
bone marroW, microbes liberated from the allografts, etc.) 
aWay from the allografts. In this manner, the allografts Will 
not remain in a Weakened and/or contaminated treatment 
?uid. 

It is also contemplated that treatment ?uidWithin treatment 
canister 40 may be drained and replaced With the same or a 
different treatment ?uid aseptically Without opening the 
sealed treatment canister. For example, treatment canister 40 
may be con?gured so as to include a drain or other ?uid 
passageWay Which may be opened Without unsealing the 
entire treatment canister. As further described herein in con 
nection With FIG. 6, the treatment canister may include, for 
example, a spring loaded drain such that the treatment canis 
ter may be placed into receptacle and then pushed doWn 
Wardly so as to open the spring-loaded drain. This Will result 
in ?uid Within the treatment canister being drained along With 
any Waste products present therein. Thereafter, fresh treat 
ment ?uid (either the same composition as or a different 
composition from the treatment drained from the canister) 
may be aseptically added to treatment canister 40 Without 
opening the sealed canister. 

Alternatively and as depicted schematically in FIG. 1, the 
treatment apparatus according to embodiments of the present 
invention may be con?gured to supply one or more treatment 
?uids to the interior of treatment canister 40 after the canister 
is mounted in sonication tank 21, thereby avoiding the need 
for a manual ?uid exchange or otherWise requiring that can 
ister 40 be removed from the sonication tank. In fact, particu 
larly When more than one treatment ?uid is used for treating 
allografts contained Within treatment canister 40, an auto 
mated system for supplying treatment ?uids to canister 40 
may be provided. 

In the embodiment of FIG. 1, a treatment ?uid input line 71 
provides ?uid communication betWeen one or more treatment 
?uid sources (e.g., treatment ?uid reservoir 60) and the inte 
rior of treatment canister 40. Similarly, a treatment ?uid outlet 
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line 80 may be provided in order to alloW treatment ?uid to be 
expelled from the interior of treatment canister 40. 
A plurality of treatment ?uid sources may be provided, as 

shoWn in FIG. 1, such as treatment ?uid reservoirs 60, 62, 64 
and 66. These treatment ?uid reservoirs may contain any of a 
variety of treatment ?uids (as described previously) Which are 
supplied to treatment canister 40 during allograft processing. 
For example, treatment ?uids such as enZyme solutions, anti 
biotic solutions, oxidiZing agents, and alcohols may be pro 
vided, along With one or more sources of Water (e.g., sterile 

Water). 
As further detailed herein, some allograft treatment regi 

ments include supplying a variety of treatment ?uids to the 
allografts during sonication, With a sterile Water ?ush of treat 
ment canister 40 betWeen treatment ?uids. In such instances, 
a single source of sterile Water (e.g., reservoir 66) may be 
provided, With Water supplied to treatment canister 40 as 
needed. In such an embodiment, the sterile Water reservoir 
may be larger than the other treatment ?uid reservoirs. 

In some embodiments, it may generally be desired to sup 
ply heated treatment ?uid to treatment canister 40, even if 
sonication tank 21 is heated. For example, treatment ?uid 
reservoir 60, 62, 64 and 66 may be heated in order to maintain 
the treatment ?uids at the desired temperature (e. g., betWeen 
about 37.degree. C. and about 50.degree. C., or even betWeen 
about 45 .degree. C. and about 50.degree. C.) . Alternatively, or 
in addition thereto, one or more in-line heaters may be pro 
vided betWeen treatment ?uid reservoirs and treatment can 
ister 40, before and/or after manifold 70, such as one or more 
heat exchangers. 

It may also be desirable to ?lter steriliZe one or more of the 
treatment ?uids prior to the treatment ?uid being supplied to 
treatment canister 40. For example, one or more in-line ?lters 
may be provided betWeen the ?uid treatment reservoirs and 
manifold 70, and/or one or more in-line ?lters betWeen mani 
fold 70 and treatment canister 40. 
As mentioned previously, the treatment process may be 

automated, at least in part, such that treatment ?uid is sup 
plied to treatment canister 40 according to a predetermined 
schedule and/or Without the need for an operator to open 
treatment canister 40 to exchange one treatment ?uid for 
another. In the embodiment shoWn in FIG. 1, each of the 
treatment ?uid reservoirs is in ?uid communication With a 
manifold 70 (or similar device) Which in turn is in communi 
cation With ?uid inlet line 71. Manifold 70 is con?gured to 
control the ?oW of treatment ?uid from the reservoirs (60, 62, 
64 and 66) into the interior of treatment canister 40. A con 
troller 80, such as a PLC or other processing device, can be 
used to control manifold 70. As also shoWn in FIG. 1, pumps 
61, 63, 65 and 67 may be provided for reservoirs 60, 62, 64 
and 66, respectively, in order to deliver treatment ?uid from 
the reservoirs to manifold 70. Controller 80 may also be used 
to control these pumps in order to regulate the delivery of 
treatment ?uid to canister 40. 
As treatment ?uid is delivered to treatment canister 40, any 

treatment ?uid already Within the canister Will be expelled 
through ?uid outlet line 80. A pump 81 may be provided in 
order to facilitate removal of treatment ?uid from canister 40, 
may be controlled by controller 80. A valve 82 may also be 
provided on outlet line 80 in order to direct expelled treatment 
?uid to disposal or to a ?ltering device (e.g., a ?lter). In the 
latter case, the expelled treatment ?uid is passed through the 
?lter, and thereafter the ?lter analyZed for microbial contami 
nation. In particular, after the ?nal treatment step has been 
completed, the expelled ?nal treatment may be analyZed for 
microbial contamination for contamination. In this manner, 
microbial contamination of the allografts may be assessed 
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following the treatment process. This method of assessing 
microbial contamination may folloW the methods described 
in US. patent application Ser. No. 10/976,078, ?led Oct. 28, 
2004, Which is incorporated herein by Way of reference. 

Treatment canister 40 may be rotatably mounted Within 
sonication tank 21 in a variety of manners, such as the exem 
plary embodiment shoWn in FIG. 2. In the embodiment of 
FIG. 2, a motor 25 and associated pulley 26 are mounted 
outside of tank 21, as shoWn. A belt 27 extends around pulley 
26 and a portion of one end of the treatment canister 40. 
Canister 40 is rotatably mounted Within tank 21 such that, as 
pulley 26 is rotated by motor 25, treatment canister 40 Will 
rotate Within tank 21. Of course the treatment canister may be 
rotated by any of a variety of mechanisms, such as direct 
drive, intemaliZed gearing, In one exemplary embodiment, 
the canister is placed at a angle in the treatment apparatus 
such that the angle is con?gured to alloW the treatment ?uid to 
drain from the canister. This is an alternative embodiment to 
the utilization of pumps and/or rotation. etc. 

The treatment canister may have any of a variety of shapes 
and con?gurations, such as the cylindrical shape shoWn in 
FIGS. 1 and 2. Alternatively, the interior of the treatment 
canister may have a non-circular cross-sectional shape in a 
plane orthogonal to the rotational axis of the canister. For 
example, FIG. 3 depicts a treatment canister 140 Which has a 
triangular cross-sectional shape. Such non-circular cross-sec 
tional shapes for the interior of the treatment canister Will not 
only increase turbulent ?uid ?oW Within treatment canister 
140, but Will also enhance the tumbling action of the allograft 
Within the treatment canister. Both of these actions are 
believed to result in not only the dislodgment of additional 
contaminants from the allografts, but also increase the 
amount of surface area of the allografts exposed to the ultra 
sonic energy. 
As an alternative, or in addition to a non-circular interior 

shape for the treatment canister, one or more baf?es or other 
structures may be provided inside the treatment canister in 
order to increase the tumbling action of the allografts. For 
example, FIG. 4 depicts a treatment canister 240 comprising 
a cylindrical housing having a baf?e insert 245 positioned 
therein. Insert 245 may have any of a variety of shapes and 
con?gurations designed to increase the tumbling of allografts 
Within canister 240 during rotation. 

Alternatively, or in addition thereto, one or more grooves or 
ribs may be provided on the inner surface of the treatment 
canister (e.g., longitudinally-extending grooves or ribs simi 
lar to the ri?ing of a gun barrel). Of course any of a variety of 
baf?e structures or other features may be provided inside the 
treatment canister in order to increase the tumbling action of 
the allografts, either by physical contact With the allografts or 
by structures Which induce turbulent treatment ?uid move 
ment Within the canister. By Way of further example, baf?e 
inserts or other structures having a variety of shapes may be 
used, such as geometric shapes having de?ned edges (e.g., 
polygonal shapes such as octagons, pentagons, etc.). Such 
de?ned edges, Whether provided on a baf?e insert positioned 
in the treatment canister or formed in the interior surface of 
the treatment canister, Will force the allografts to tumble as 
they contact the edges of the structures Within the treatment 
canister, thus exposing additional surface area of the 
allografts to the ultrasonic energy. 

Treatment canister 240 also includes a pair of end caps 241 
Which may be securely attached to opposite ends of the treat 
ment canister after one or more allografts have been inserted 
into the treatment canister. One or more O-rings 242 may also 
be provided in order to seal the treatment canister, along With 
one or more latching mechanisms 243. Each end cap 241 also 
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includes a holloW shaft 246 Which extends aWay from the end 
cap and the treatment canister. Treatment ?uid may be purged 
into or expelled from the interior of the treatment canister 240 
through the holloW shafts 246. 

FIG. 5 depicts an alternative embodiment in Which treat 
ment canister 340 is foraminous. In this embodiment, treat 
ment ?uid is supplied to sonication tank 321 and also acts as 
the sonication ?uid during treatment. Because treatment can 
ister 340 is foraminous, the treatment ?uid Will pass into the 
interior of treatment canister 340 and contact the allografts 
contained therein. Treatment canister 340 is mounted Within 
sonication tank 321 such that it may be rotated therein during 
treatment, hoWever, the mechanism for rotating canister 340 
has been omitted from FIG. 5 for purposes of clarity. 

Treatment ?uid may be provided in sonication tank 321 
manually, such as by opening lid 331 and pouring in the 
treatment ?uid(s) according to, for example, a predetermined 
protocol. Alternatively, an automated treatment ?uid supply 
system may be provided. For example, a plurality of treat 
ment ?uid reservoirs (360, 362, 364 and 366) may be pro 
vided along With corresponding pumps (361, 363, 365 and 
367, respectively). A manifold 370 and controller 380 may 
also be provided in order to supply the proper treatment ?uid 
to sonication tank 321 at the appropriate time according to a 
predetermined treatment protocol. Fluid supply line 371 is in 
?uid communication With a ?uid inlet 328 on the sonication 
tank 321. Similarly, a ?uid outlet 329 is provided for treat 
ment ?uid expelled from sonication tank 321. The interior of 
treatment canister 340 may be cylindrical, as shoWn. Alter 
natively, any of the non-circular cross-sectional shapes 
described previously may be used. 

FIG. 6 is a schematic illustration of yet another embodi 
ment of an ultrasonic treatment apparatus 420 according to 
the present invention. In the embodiment of FIG. 6, system 
420 is con?gured such that a pair of treatment canisters 440A 
and 440B may be simultaneously processed Within sonication 
tank 421. In this manner allografts from tWo different donors 
may be processed simultaneously. In the embodiment of FIG. 
6, the treatment canisters 440A and 44B are sealed With 
respect to the interior of sonication tank 421 and are con?g 
ured to receive one or more allografts therein. Sonication tank 
421 is con?gured to receive a sonication ?uid, in the manner 
previously described. In one exemplary embodiment, the 
treatment apparatus comprises up to four (4) treatment can 
isters for simultaneous processing. As such, four (4) donor 
products can be treated in one processing session. In an alter 
native embodiment, the treatment apparatus can be con?g 
ured to contain more than four treatment canisters. 

Although not shoWn in FIG. 6, sonication tank 421 may 
once again include one or more heaters in order to maintain 
the desired temperature Within sonication tank 421. The 
embodiment of FIG. 6 also includes a mechanism for cooling 
the sonication ?uid in order to further maintain the desired 
temperature. Particularly, the system of FIG. 6 includes a 
cooling bath 431 located directly beneath sonication tank 
421. Although not visible in FIG. 6, sonication tank 421 
includes one or more drains in the bottom thereof Which 
alloWs sonication ?uid to ?oW from the bottom of tank 421 
into cooling bath 431. A recirculating chiller/pump device 
430 is also provided, and is in ?uid communication With both 
cooling bath 431 and sonication tank 421, as shoWn. During 
use, sonication ?uid emptying from sonication tank 421 into 
cooling bath 431 is chilled and returned to sonication tank 421 
by recirculation chiller/pump 430. Of course, a suitable con 
trol system may be provided in order to regulate the operation 
of recirculating chiller/pump 430 in order to maintain the 
desired temperature Within sonication tank 421. Since the 
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ultrasonic transducers Within or associated With sonication 
tank 421 Will cause the temperature of the sonication ?uid to 
rise, the use of recirculating chiller/pump 430 Will further 
facilitate the control of the temperature of the sonication ?uid 
during treatment. The system shoWn in FIG. 6 also includes a 
poWer supply 480 Which Will provide the necessary poWer for 
the various components of treatment system 420. 
As also shoWn in FIG. 6, treatment canisters 440A and 

440B are rotatably mounted to a carriage Which may be 
loWered into sonication tank 421. In particular, the carriage 
includes a motor 425 Which may be con?gured to not only 
cause the desired rotation of the treatment canisters 44 0A and 
440B, but also to loWer and raise the treatment canisters into 
sonication tank 421 . Alternatively, raising and loWering of the 
treatment canisters may be done manually, or even under the 
automatic control of a suitable control system. Pulleys 426 
and belt 427 may be used to translate rotation of the motor 
shaft to the treatment canisters in order to effect rotation of 
treatment canisters 440A and 440B in sonication tank 421. Of 
course FIG. 6 merely depicts one possible manner in Which 
the treatment canisters may be rotated Within sonication tank 
421 during the treatment process. 

In one exemplary embodiment, the rotation of the treat 
ment canisters comprises an indirect belt drive system With a 
rotation speed of about 10 revolutions per minute. As one 
skilled in the art Will appreciate, various rotation drive sys 
tems may be utiliZed in the present invention. Alternative 
rotation drive systems include, but are not limited to direct 
drive systems (i.e., With gears or solid drive systems) having 
a variable system With rotation speeds of betWeen 0.1 and 60 
revolutions per minute. In one exemplary embodiment for 
treatment of allograft tissues, the rotation speed ranges from 
8 to about 12 revolutions per minute. As Will be appreciated 
by one skilled in the art, a ?xed speed or variable speed motor 
can be utiliZed for the rotation drive system. In one exemplary 
embodiment, the rotation drive system comprises a ?xed 
speed motor. 

Treatment system 420 in FIG. 6 is also con?gured to facili 
tate the exchange of treatment ?uids, particularly exchanging 
treatment ?uids Without opening the treatment canister. In 
addition, system 420 is also con?gured to not only process 
allografts from tWo different donors at the same time (using 
?rst and second treatment canisters 440A and 440B), but also 
to perform such processing Without risk of cross-contamina 
tion betWeen the tissues of different donors. In particular and 
as shoWn in FIG. 6, treatment system 420 includes a drainage 
cradle 432 and a ?lling cradle 433. A drainage line 434 is 
provided in ?uid communication With drainage cradle 432 
such that treatment ?uid and Waste materials removed from a 
treatment canister placed into drainage cradle 432 Will be 
drained through drainage hose 434 (for discard or collection 
and subsequent analysis). 

In the embodiment shoWn in FIG. 6, treatment system 420 
is con?gured to deliver three different treatment ?uids to the 
treatment canisters for allograft processing. Of course, any 
number of treatment ?uids may be used and the treatment 
system con?gured accordingly. In the embodiment shoWn, 
?uid conduits 461, 463 and 465 are provided in ?uid commu 
nication With one or more storage tanks for the treatment 
?uids to be used. These conduits deliver the appropriate treat 
ment ?uid to treatment ?uid delivery devices 460, 462 and 
464, respectively. These delivery devices may simply com 
prise a secondary storage tank from Which the treatment ?uid 
is delivered (e. g., by gravity feed) to manifold 470 for transfer 
to a treatment canister via ?ll conduit 471 (e.g., a hose). 
Alternatively, ?uid delivery devices 460, 462 and 464 may 
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each include a ?uid pump, a heat exchanger, and/ or a ?ltration 
system for the corresponding ?uid delivered thereto. 
Each of the treatment ?uid delivery devices is in ?uid 

communication With a manifold 470, Which in turn is in 
communication With treatment ?ll conduit 471. A Waste 
return conduit 467 is also provided in ?uid communication 
With manifold 470, and may be used to drain excess treatment 
?uid from manifold 470, as needed. In addition, or as an 
alternative, Waste return conduit 467 may be used to provide 
steriliZe in-place capabilities (e.g., for steriliZing the interior 
of a treatment canister, manifold 470 or any of the other ?uid 
delivery components depicted in FIG. 6). In the particular 
embodiment shoWn in FIG. 6, ?uid conduit 461 may be in 
?uid communication With a source of hydrogen peroxide, 
conduit 463 in ?uid communication With a source of steril 
iZed Water, and ?uid conduit 465 in ?uid communication With 
a source of isopropyl alcohol. 

In one exemplary embodiment, the treatment apparatus is 
sanitiZed in place, Wherein the apparatus is sanitiZed using 
common methods knoWn to these skilled in the art such as 
?ushing the treatment canisters and baskets With heated Water 
(approximately 70.degree. C. for 20 minutes) and/or ?ushing 
With chemical sanitiZation agents. 

In order to use treatment system 420 of FIG. 6, allografts to 
be treated are ?rst placed Within one of the treatment canisters 
440A or 440B. The ends of the treatment canister (e.g., the 
treatment canister depicted in FIG. 4) are then sealed and the 
treatment canister is placed into ?ll cradle 433. The end of 
conduit 471 is then connected to an inlet provided on one end 
of the treatment canister. Treatment ?uid is then purged into 
the treatment canister through conduit 471. Thereafter, the 
treatment canister is loaded into the carriage, as shoWn. The 
other treatment canister may, if desired, be similarly ?lled 
With allografts to be treated, as Well as the ?rst treatment ?uid 
to be used during allograft treatment. Thereafter, the carriage 
is loWered into sonication tank 421 and ultrasonic energy 
applied to the treatment canisters While the treatment canis 
ters are rotated. 

After a predetermined amount of time has passed, the 
carriage is raised out of sonication tank 421 and one of the 
treatment canisters is removed from the carriage and placed 
into drainage cradle 432. At least one end of the treatment 
canister may be con?gured so as to include a spring-loaded 
drain. For example, the spring-loaded drain may be con?g 
ured such that When the treatment canister is inserted into 
drainage cradle 432 and pressed doWnWardly, a structure 
Within drainage cradle 432 Will act to open the spring-loaded 
drain. In this manner, used treatment ?uid as Well as Waste 
materials Will be drained from the treatment canister through 
drainage conduit 434 Without the operator opening the treat 
ment canister. Once drained, the treatment canister is then 
placed into ?ll cradle 433 and ?ll conduit 471 is connected 
thereto. The treatment canister may then be ?lled With a 
second treatment ?uid (Which may be the same or different 
than the ?rst treatment ?uid) or ?lled With a rinse solution 
Which is thereafter drained from the treatment canister using 
drainage cradle 432. 

It is also contemplated that rinsing or ?ushing of the inte 
rior of the treatment canister may be accomplished While the 
treatment canister is positioned Within drainage cradle 432 
(e.g., by delivering a rinse ?uid such as steriliZed Water to the 
treatment canister via ?ll conduit 471 While simultaneously 
or periodically opening the spring-loaded drain provided in 
the end of the treatment canister). Rinsing and/ or ?ushing of 
the interior of the treatment canister may be repeated, as 
desired. Thereafter, the treatment canister is ?lled With the 
predetermined treatment ?uid according to the predetermined 










